Music constitutes an ideal means to create a sense of suspense in films. However, there has been minimal investigation into the underlying cerebral organization for perceiving danger created by music. In comparison, the amygdala's role in recognition of fear in non-musical contexts has been well established. The present study sought to fill this gap in exploring how patients with amygdala resection recognize emotional expression in music.
Introduction
Music is very effective in inducing fear. Imagine viewing a film such as Jaws or Psycho with no musical soundtrack: this experience would be much sedated. Indeed, music has been shown to greatly amplify and generate feelings of suspense in the context of films (Cohen, 2001 ). Yet music has not been considered in the neuropsychological study of fear perception, although its associated neural correlates (such as the amygdala) have been documented in non-musical contexts, particularly for facial expressions (Adolphs et al., 1994 (Adolphs et al., , 1995 Young et al., 1995 Young et al., , 1996 Breiter et al., 1996, Experiment 1; Calder et al., 1996; Morris et al., 1996 Morris et al., , 1998 Phillips et al., 1997; Broks et al., 1998; Whalen et al., 1998; Adolphs et al., 1999b Adolphs et al., , 2001 . Hence, the goal of the present study was to examine the recognition of threat as expressed by music in patients with damage to the amygdala.
The amygdala has been identified as one of the most important brain structures of the limbic system that is implicated in fear perception. Bilateral amygdala damage impairs the recognition of unpleasant emotions, especially fear, in facial expressions (Adolphs et al., 1994 (Adolphs et al., , 1995 Young et al., 1995 Young et al., , 1996 Calder et al., 1996; Broks et al., 1998) . Such patients can typically perceive happiness but not fear in facial expressions. Additional support for the involvement of the amygdala in perceiving fear in facial expressions comes from recent functional imaging studies of the normal brain. Increased neural activity has been observed within the amygdala when subjects viewed facial expressions of fear as # The Author (2005) . Published by Oxford University Press on behalf of the Guarantors of Brain. All rights reserved. For Permissions, please email: journals.permissions@oupjournals.org opposed to happiness (Breiter et al., 1996 , Experiment 1; Morris et al., 1996 Morris et al., , 1998 and to disgust (Phillips et al., 1997) .
The involvement of the amygdala in fear-related situations does not appear to be limited to facial expressions. The amygdala also plays a key role in conditioned fear in both humans and rats (e.g. Bechara et al., 1995; Labar et al., 1995; LeDoux, 1996; LaBar et al., 1998) as well as in fearrelated behaviours, such as uncontrollable rage reactions (Davis, 1992) . Moreover, direct stimulation of the human amygdala with in-depth electrodes evokes similar reactions (Halgren et al., 1978) , providing further support for the idea that the amygdala is critical in the processing of emotions related to threat and danger.
Nevertheless, it is worth noting that prior attempts to find evidence for the involvement of the amygdala in the emotional evaluation of auditory stimuli have been equivocal. Some researchers have found positive evidence for the involvement of the amygdala in the auditory recognition of emotions in vocal sounds such as screams and yells (Scott et al., 1997) and speech prosody (Scott et al., 1997; Morris et al., 1999; Phillips et al., 1998) while still others have failed to do so (Anderson and Phelps, 1998; Adolph and Tranel, 1999; Royet et al., 2000; Adolphs et al., 2001) . In the latter studies, all of which employed a patient-based approach, bilateral damage to the amygdala yielded an impairment in the recognition of fear in faces, while it spared the recognition of fearful voices. Similarly, listening to unpleasant musical events, as created by dissonance, does not activate the amygdala (Blood et al., 1999) . This lack of convergence in recruiting the amygdala across auditory communication channels is intriguing. It suggests that either the amygdala's role is limited to facial expressions, or that vocal and musical expressions of emotions are not very effective in signalling threat. The present study aimed to shed some light on this issue by exploring yet another way to induce fear, namely through the composer's intention to evoke a sense of suspense with musical sounds.
With this type of musical material, we tested 16 patients after unilateral medial temporal lobe excision for the relief of intractable epilepsy. These excisions typically remove the amygdala and surrounding neural tissue. In addition to the amygdala, closely associated structures in the anterior and medial temporal lobe are likely to play a role in mediating the elicitation of emotional responses, as suggested in the classic study of Kluver and Bucy (1939) . The temporal pole and rhinal cortex, which are connected to the amygdala, have been shown to modulate emotional behaviours in animal studies (Aggleton and Young, 2000) . Hence, patients who have undergone surgery of these structures are likely to exhibit an emotional deficit. Since such surgery is relatively common and has been shown to result in deficits in fear recognition in facial expressions (Anderson et al., 2000; Adolphs et al., 2001; Bruton et al., 2003) , aversive taste (Small et al., 2001) , conditioned fear (Labar et al., 1995; Funayama et al., 2001 ) and enhanced attention for aversive words (Anderson and Phelps, 2001 ), the evaluation of such patients was our choice for testing the presence of an analogous deficit in the emotional processing of music.
These patients were presented with 56 musical excerpts composed with the intention of inducing fear, peacefulness, happiness and sadness, as if presented in film soundtracks. The patients' task was to perform three different emotional judgements. The first judgement was an emotion classification task which required each participant to judge to what extent the music expressed each labelled emotion (threat, peacefulness, happiness and sadness) on a 10-point scale where 0 corresponded to 'absent' and 9 to 'present'. This procedure was similar to that used in prior studies of emotion recognition in facial expressions (e.g. Adolphs et al., 1994) and in prosody (e.g. Adolphs and Tranel, 1999) , in order to enable comparisons. The second and third judgements were more general and required participants to judge each music excerpt for its arousal (from 'relaxing' to 'stimulating') and its valence (from 'unpleasant' to 'pleasant') on distinct 10-point scales. The latter judgements were included so as to be able to relate our findings to the fact that damage to the amygdala may impair arousal judgements while sparing valence judgements in the recognition of facial expressions of fear (Adolphs et al., 1999a) . Finally, in order to be able to distinguish between an emotional deficit and a perceptual disturbance in processing the musical stimuli, the patients' ability to process the same musical excerpts was assessed by way of an error detection task.
In line with the literature on facial expression recognition, patients with unilateral temporal lobe excisions encroaching on the amygdala were expected to exhibit a deficit in recognizing danger (as compared to any other emotion) in a musical context.
Method Participants
Sixteen patients with unilateral anteromedial temporal lobe resection for the relief of medically intractable epilepsy and 16 normal controls participated in this study. The patients were operated at La Salpêtrière Hospital (Paris). All had a medial temporal lobe resection, including the whole amygdala as well as various amounts of the hippocampus and surrounding cortices (entorhinal, perirhinal and parahippocampal cortex) in the left temporal lobe (LTR, n = 8) or in the right temporal lobe (RTR, n = 8). The excision also included the temporal pole in all of our patients, except for two RTR patients. However, the removal never encroached into the superior temporal gyrus. High-resolution MRI volumetric measurements of medial temporal lobe structures were carried out using a protocol initially proposed by Hasboun et al. (1996) and Insausti et al. (1998) . The patients underwent imaging with a 1.5-T MRI scanner using a standard head coil and tilted coronal 3D magnetization-prepared rapid acquisition gradient-echo sequence with the following parameters: 14.3/6.3/1 (repetition time/echo time/excitation). This resulted in 124 contiguous T1-weighted partitions with a 1.5 mm section thickness oriented perpendicular to the long axis of hippocampus. Table 1 shows the remaining volumes of the temporopolar cortex, the perirhinal cortex, the entorhinal cortex, the parahippocampal cortex and the hippocampus in 15 patients (LTR = 8; RTL = 7); t-test comparisons confirmed that the remaining volumes of each medial temporal lobe structure from the resected side did not differ between the two patient groups (all P > 0.05). An illustration of a representative excision is displayed in Fig. 1 .
In the majority of cases, the cause of the seizures was hippocampal sclerosis dating from birth or early life. Patients with electroencephalographic abnormality, evidence of fast-growing tumours, diffuse cerebral damage, hearing loss or impairment on standard audiometric assessment were excluded from the study. Similarly, subjects with atypical speech representation (as determined by intracarotid sodium Amytal testing; Wada and Rasmussen, 1960) and full-scale IQ (Wechsler Adult Intelligence Scale-Revised) score under 75 were excluded. Patients were tested between 1.2 and 8.3 years postoperatively and they were all seizure-free at the time of testing. The normal controls (NC) had no neurological or psychiatric history and were selected to match the patients as closely as possible in terms of age, sex, education and musical background (Table 2) . They were all right-handed, and gave written informed consent before testing, in accordance with the Declaration of Helsinki.
Emotional task
Fifty-six novel musical excerpts were composed with the intention of inducing or expressing fear, peacefulness, happiness or sadness (14 excerpts per intention) as if the music were part of a film. The musical excerpts followed the rules of the Western tonal system. The stimuli had a regular temporal structure with the exception of a few scary excerpts, as described below. All musical excerpts involved a melody with an accompaniment. The happy excerpts were written in a major mode at an average tempo (metronome marking) of 137 (range , the melodic line lying in the medium-high pitch range, and the pedal was not used. In contrast, the sad excerpts were Unilateral resection of the amygdala was complete in each patient. written in a minor mode at an average slow tempo (metronome marking 46, range 40-60), with the pedal. The peaceful music was composed in a major mode, had an intermediate tempo (mean metronome marking 74, range 54-100), and was played with pedal and arpeggio accompaniment. The scary music was relatively fast (tempo varied from 96 to 172) and composed with minor chords on the third and sixth degrees, hence implying the use of accidentals. Although most scary excerpts were regular and consonant, a few had irregular rhythms and contain dissonant events (Appendix 1). Since this category of stimuli is more variable in structure and is central to the present study, the musical scores are fully provided in Appendix 1 along with the musical assessment provided by an expert who rated the degree of dissonance, the presence of unexpected events, and the presence of temporal irregularity on three separate five-point scales (1 = consonant, expected, regular; 5 = very dissonant, highly unexpected and irregular). Examples of stimuli for each emotion category can be heard on our web site at www.fas.umontreal.ca/psy/iperetz.html. The stimuli lasted on average 12.4 s (range 9.2-16.4) and were matched in length across the four emotion categories. Short excerpts of the soundtracks of the films Jaws and Schindler's List served as examples in orienting participants to the tasks. All stimuli were computer-generated on a microcomputer as Musical Instrument Digital Interface (MIDI) files in a piano timbre, each tone having a precise value in terms of pitch and duration, while maintaining a constant intensity and velocity. The MIDI files were digitally recorded onto compact discs and delivered to the participants over two free-field loudspeakers.
Procedure
Participants were presented with the two examples followed by the 56 stimuli presented in one of two different random orders. For each stimulus, they were asked to judge to what extent it expressed each of four emotions (happiness, sadness, threat, peacefulness) by indicating their rating on a 10-point scale (where 0 corresponded to 'absent' and 9 to 'present'). Participants were informed that a musical excerpt could express more than one emotion. For example, participants were asked to rate a peaceful stimulus with respect to happiness ('gai'), sadness ('triste') and threat ('épeurant'), and not just peacefulness ('apaisant'). They were further required to judge each stimulus on two distinct dimensions: arousal and valence. For the arousal dimension, participants rated whether the music sounded relaxing or stimulating on a 10-point scale (0 corresponding to 'relaxant' and 9 to 'stimulant'). For valence, subjects rated on a 10-point scale whether the music sounded pleasant or not (0 corresponding to 'désagréable' and 9 to 'agréable'). They gave judgements in this fixed order. In the rare event that the subject requested to hear the stimuli a second time (0 for patients, 11 times for the 16 controls), it was repeated. No feedback was given, with the exception of the two examples. Subjects were tested individually in a 45 min session.
Error detection task
The error detection task was devised with 24 of the 56 stimuli used in the emotional task (six happy, six sad, six scary and six peaceful). These 24 excerpts were modified so as to contain a timing error. This was done by randomly changing the timing of the tone onsets of the leading voice in an entire measure (bar), thereby giving the impression that the pianist was suddenly losing track of what he or she was playing for a short moment. These 24 modified versions were randomly mixed with 24 intact excerpts. The task was to indicate whether the pianist lost track of what he or she was playing at some point in the piece. Participants responded 'yes' if they detected an error and 'no' otherwise. There were four practice examples. Participants were not informed of the nature of the changes and no feedback was provided, with the exception of the practice examples. The error detection task was presented following the emotional task.
Results

Error detection task
The percentages of hits ('yes' responses to the presence of an error) and false alarms ('yes' response to an intact stimulus) were computed for each patient and NC responses in the error detection task. The percentage of hits minus false alarms corresponded to 70% (SE 3), 81% (SE 5) and 74% (SE 5) for the LTR, RTR and NC, respectively. Although the LTR patients seemed to perform below the RTR patients and the NC, the difference was not significant. The analysis of variance (ANOVA) computed on the percentages of hits minus false alarms as a function of Group (NC, LTR and RTR) yielded F(2,29) = 0.72 (not significant). In fact, every patient performed within 2 SD of the mean obtained by the matched controls.
Emotional tasks
Since participants were free to select as many of the four emotion labels as they wished. To provide a graded judgement for each, we first derived the best label attributed to each musical excerpt by each participant. This was done by selecting the label that had received the maximal rating. When the maximal rating corresponded to the label that matched the intended emotion of the composer, a score of 1 was given. When the maximal rating did not correspond to the intended emotion, a score of 0 was given. When the highest rating was given for more than one label, the response was considered as 'ambivalent' and received a score of 0. For example, when a participant judged a musical excerpt to express both peacefulness and sadness to the same degree (e.g. with a rating of 7), it was considered ambivalent. As can be seen in Table 3 , normal participants attributed the highest ratings to the intended emotion for the musical stimuli. Sadness tended to be somewhat confused with peacefulness, whereas threat and happiness were clearly distinguished and identified. Patients' judgements differed somewhat, especially for the scary and peaceful stimuli (Table 3) .
The correct derivations of the intended emotion were submitted to an ANOVA considering Group (LTR, RTR, NC) and intended Emotions (scary, peaceful, happy, sad) as between-subjects and within-subjects factors, respectively. Ambivalent responses were not considered in this analysis; an analysis of these will be presented separately below. The groups recognized the intended emotions differently, as attested by a significant Group 3 Emotion interaction, with F(6,87) = 2.46, P < 0.05. Scary and peaceful stimuli were less well recognized by both LTR patients [t(22) = 4.27 and 3.48, respectively, both P < 0.005 by bilateral tests] and RTR patients [t(22) = 3.15 and 2.29, respectively, both P < 0.05] compared with normal controls. The difference between the two groups of patients did not reach significance.
However, not all patients performed 2 SD below controls, especially for the peaceful stimuli, for which four LTR and five RTR patients obtained normal scores. For the scary stimuli, two LTR and three RTR patients performed as well as normals. Size and side of resection, sex, age and education do not seem to account for the sparing. Finding epileptic cases with intact emotion recognition after damage to the medial temporal structures is recurrent in the literature (e.g. Anderson et al., 2000; Adolphs et al., 2001) , although the origin of this sparing is presently unknown.
In order to better characterize the deficit displayed by the patients in recognizing the scary and peaceful stimuli, their ambivalent responses were further examined. As can be seen in Table 3 , patients with both LTR and RTR gave overall more ambivalent responses than normal controls for the scary and peaceful stimuli, with F(2,29) = 7.64, P < 0.005. Furthermore, as can be seen in Fig. 2 , LTR patients confounded the scary stimuli [90% of the ambivalent responses included the threat label with sadness (88%), while RTR patients selected the correct threat label only half the time (52% of their ambivalent responses)]. In fact, the RTR patients displayed true ambivalence, by distributing their ratings among all possible choices. Note that peacefulness, which was often selected by RTR for the scary music, was never selected by normals (Table 3 ). This anomalous pattern of label selection for the scary music was supported by a significant interaction between Group and Emotional label, with F(6,60) = 2.50, P < 0.05. In contrast, the groups did not seem to differ in their ambivalent rating of the peaceful stimuli (Fig. 2, right  panel) . This was supported statistically; there was no Group effect [F(2,23) = 2.14, not significant] or interaction between Emotional label and Group [F(6,69) = 0.35, not significant] obtained on the ambivalent responses for this class of stimuli. In general, subjects tended to hear sadness in the peaceful music, as indicated by a main effect of emotional labels [F(3,69) = 15.54, P < 0.001]. Participants selected equally often the peaceful and sad labels in their ambivalent ratings [t(50) = 1.71, not significant in a bilateral test], and more so than any other label.
In order to control for the possibility that individuals may have been using the rating scale differently, we computed Bold type indicates the match between responses and intentions (SE in parentheses). Ambivalent responses correspond to highest ratings given to more than one label. An asterisk indicates that the patients' judgements differ significantly from normal controls. Pearson correlations between the rating profile each participant gave to each stimulus on all four emotional labels with the mean rating profile given to that stimulus by the 16 normal controls. This correlation is identical to those used by researchers in previous studies of facial emotion recognition with brain-damaged patients; such a correlation measure gives a lower variance and avoids possible floor and ceiling effects compared with raw ratings (e.g. Adolphs and Tranel, 1999; Adolphs et al., 2001) . Correlations near 1 indicate that patients rated the stimuli normally; correlations near 0 indicate that they rated the stimuli very abnormally. To average the correlation values, the correlations were Z-transformed and averaged over all 14 musical clips that expressed a given emotion, and the average was then inverse Z-transformed to obtain the mean correlation for that emotion. As can be seen in Fig. 3 , the correlations indicated that recognition of the scary stimuli was worse among all emotions after both LTR [t(22) = 4.06 P < 0.005] and RTR [t(22) = 2.88 P < 0.05] compared with NC (bilateral test). This difference was supported by a significant Group 3 Emotion interaction, with F(6,87) = 3.73, P < 0.005. There was no other significant difference. Thus, this analysis revealed a specific impairment in rating the scary stimuli. Because the scary stimuli were variable in structure, containing varying degrees of dissonance and irregularity, it was deemed worthwhile to examine the possible influence of these different structural features on the subjects' responses. Unfortunately, no specific contribution of these different structural features could be discerned in the subjects' evaluation of the stimuli, as can be seen in Appendix 1.
There were two other emotional judgements, in terms of valence and arousal, that were potentially informative. Since patients might simply be more conservative in their ratings, the individual scores were transformed to Z scores relative to the individual's own mean and SD of their rating distribution across the arousal and valence scales (Fig. 4) . These Z scores were submitted to an ANOVA, considering the emotional Dimension (arousal and valence) and intended Emotion (fear, peacefulness, happiness, sadness) as within-subjects factor and Group (LTR, RTR, NC) as the between-subjects factor. This analysis yielded a significant interaction between these three factors [F(6,87) = 3.61, P < 0.005]. Separate ANOVAs performed by Dimension revealed that only arousal was judged differently by the patients; the interaction between Emotion and Group was significant, with F(6,87) = 3.41, P < 0.01. As can be seen in Fig. 4 , the RTR patients found the scary music less stimulating and the sad music less relaxing than normal controls [t(22) = 2.21 and 2.27, respectively, P < 0.05 by bilateral tests], and the LTR patients found the peaceful music to be less relaxing than normal controls [t(22) = 2.40 P < 0.05]. However, RTR and LTR ratings were not significantly different. On the other hand, valence was evaluated similarly by patients and normal controls; there was no effect of Group or interaction between Group and Emotion on the valence ratings [F(2,29) = 1.90 and F(6,87) = 1.38, respectively, both P > 0.05], but there was a main effect of Emotion [F(3,87)=61.64, P < 0.001]. All participants judged the scary music to be unpleasant Fig. 3 Correlation of participant's rating with the mean ratings given by normal controls for the four intended emotions. Black squares indicate means given by 16 normal controls (each normal control's ratings were correlated with the mean ratings of the other 15 subjects). Correlation of ratings given by patients with left (~) and right () temporal resection with the mean ratings given by normal controls. An asterisk indicates where the patients' ratings differ significantly from normal ratings. compared with the other categories (all t values being significant at P < 0.001), and the happy and peaceful music to be more pleasant than the sad music [t(31) = 4.18 and 7.25, respectively, both P < 0.001].
Discussion
The results show that recognition of music composed with the intention to be scary can be impaired by unilateral medial temporal lobe excision. The impairment is relatively selective because recognition of happiness was normal, and recognition of peacefulness and sadness in music was less clearly affected by the medial temporal lobe resection. The disorder does not seem to reflect task difficulty because the scary stimuli were generally easy to identify by normals (with 86% correct recognition of the intended emotion). Hence, patients having sustained such a removal, particularly on the right side of the brain, seem to have lost the knowledge of what signals danger as attested by their aberrant choice of peacefulness or happiness as the intended emotion. This atypical behaviour does not seem to arise as a consequence of a poor perceptual system either. All patients managed to obtain a fairly high level of performance in an error detection task that used the same stimuli as in the emotional task; patients' scores in error detection did not differ from those of normal subjects. Thus, the results indicate that unilateral excision of the medial temporal lobe structures results in a relatively selective emotion recognition deficit that reflects damage to neural networks that are tuned to the recognition of danger.
The most likely neural locus underlying this disorder is the amygdala, which was completely removed in all patients, although damage was not limited to this structure. To warrant the conclusion that it is the removal of the amygdala, and not the surrounding neural structures that are responsible for the emotion recognition disorder observed here, one needs to study patients with lesion limited to the amygdala.
On the other hand, resection of the medial temporal lobe structures was also found to impair arousal judgements. The RTR patients found the scary and sad music to be generally less extreme in arousal and LRT patients found the peaceful music less relaxing than did the normal controls. One common explanation for these abnormal emotional judgements is that patients might find the scary stimuli less threatening than normals not because they cannot perceive these as scary but rather because they are not as aroused by the music compared with normals. However, if this were the case, then the patients should have had problems with the happy stimuli because these were even more arousing than the scary stimuli. Yet, patients performed as normals in recognizing happiness in a musical context. It would seem that these two types of emotional judgements, by discrete category and by dimension, respectively, are relatively independent. However, scary music might be related to arousal in a slightly different manner. Scary music might be more salient (for normal individuals) because of its biological significance. Indeed, it has been proposed that the primary role of the human amygdala is to enhance the perception of stimuli that have emotional salience in order to achieve awareness (Anderson and Phelps, 2001) . Perhaps the scary stimuli are the most motivationally significant stimuli in the present set of stimuli because they signal highly aversive events (e.g. such as in the films Psycho and Jaws). Happy stimuli would be inoffensive in this respect, and hence be less salient. In failing to note the saliency of the scary stimuli, due to a diminished arousal level, patients with medial temporal lobe lesion may not predict the advent of potential danger on the basis of music.
In contrast, resection of the medial temporal lobe structures spares pleasantness judgements. Patients judged the different types of stimuli as pleasant and unpleasant as normal controls did. Finding that arousal (which was impaired) and pleasantness (which was spared) are dissociable in emotional judgements is not a new finding. For example, it has been recently shown that the amygdala responds more strongly to the emotional arousal elicited by high-arousal odours but does not differentiate between the pleasantness or unpleasantness of the odours (Anderson et al., 2003) . This arousal-dependent response fits nicely with the present results found with music and with similar arousal-dependent amygdala responses reported previously with visual stimuli (Canli et al., 2000; Hamann, 2001 ) and with gustatory stimuli (Small et al., 2003) . Pleasantness judgements seem to rely on different brain structures (e.g. the orbitofrontal cortex; Blood et al., 1999; Blood and Zatorre, 2001; Anderson et al., 2003; Small et al., 2003) . These regions were intact in our patients. Hence, the present results are consistent with functional segregation between the amygdala and the orbitofrontal cortex in terms of the primary dimensions of arousal and valence.
The fact that pleasantness judgements were spared by medial temporal lobe resection may in turn explain why recognition of most musical emotions tested here was preserved. Indeed, sad music is generally perceived as pleasant or ambiguous on this dimension, because listeners enjoy listening to sad music while aware that the concept of sadness has negative connotations. Hence, peacefulness, happiness and, to an important extent, sadness are all perceived as agreeable in music and are expected to involve more frontal structures, which were spared by the resection in our patient population.
One caveat is that there was only one category of negative emotion considered in the present study. Yet music can be aversive in a number of ways, for instance by expressing violence or anger, among other feelings. The reason we did not consider a 'violence' category in the present set of stimuli is because violent music can induce fear in the listener, hence making the emotion labelling task ambiguous. This is probably the reason why musical effectiveness in denoting anger is generally low (Gabrielsson and Juslin, 2003) . The challenge for future research is to be able to generate musical stimuli that are considered both unpleasant and non-aversive, so as to be able to assess the contribution of the medial temporal structure to negative emotions in general, not just to danger, as expressed by music.
Nevertheless, the major contribution of the present study is related to the power of music to suggest danger. In the past, most studies which have explored the neural correlates of fear have studied the visual modality. Moreover, as recently pointed out by Adolphs and Tranel (2003) , within the visual modality, faces appear to be the prime emotional stimuli to trigger the involvement of the amygdala. Converging visual signals, such as body postures, are not as effective. The fact that scary music was also effective in triggering the amygdala and its surrounding structures raises a number of interesting questions. First, it is important to point out that the intention to induce fear was determined both by the internal structure of the music (e.g. irregularity, dissonance) and to some extent by the manner in which it was played (e.g. tempo). In theory, in music one can separate the structural determinants (e.g. mode, dissonance) from its acoustic realization (e.g. tempo). This is similar to the speech situation, whereby one can pronounce a sentence with a particular tone of voice (prosody) while its meaning expresses a different emotion (semantics). Hence, it is possible that the present set of musical stimuli, which combined both forms of emotion expression, are more effective in signalling danger than prosody alone, as manipulated in prior studies that failed to obtain evidence for the amygdala involvement with similar patient populations (e.g. Adolphs et al., 2001) . Secondly, extending prior findings obtained with facial expressions of emotions to the study of musical expression of emotions raises the issue of the origins of this effect. There is no straightforward way to account for this effect in evolutionary terms. Music does not appear to be designed to induce fear in humans. Unless music was used by our ancestors to frighten away evil spirits or the enemy, it is more likely that the recognition of musical expression of danger is learned by association. This may commence at an early age and be rooted in the infant's response to the mother's voice expressing disapproval. Indeed, scary music may mimic prosodic cues used to code danger (Juslin and Laukka, 2003) . Be it learned or innately determined, the perception of danger links music with biologically important functions via its common recruitment of the amygdala and its surrounding structures.
Note
Terms such as 'scary', 'threat' and 'danger' are all used to refer to the emotion expressed by the music that was written with the intention to induce fear. These terms are all broad descriptors that are not meant to be precise, because we believe that our stimuli do not refer to what is commonly felt as fearful. 
